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Supplementary materials

In this section, the impact of each outlier detection technique on the performance of regression
models is presented. More specifically, Table S1 presents the performance of the regression
models for estimating the PG content and biomechanical properties of articular cartilage when

no outlier detection method was utilized.

Table S1. Performance of regression models without any outlier removal in the optical properties,
proteoglycan content, and biomechanical properties of articular cartilage on the blind test set. X: No
prediction; PLS: partial least-squares regression model; SVR: support vector machines regression model; RF:
random forests regression model; Inst.: Instantaneous; Eq.: Equilibrium; and Dyn.: Dynamic modulus. R?, p,
and nRMSE are the coefficient of determination, the correlation coefficient, and the normalized root mean
squared by the range of reference variables, respectively. The shaded tabs represent the best estimation of the
reference variables.

Ua PGg, PGy, PGp, Inst. Eq. Dyn.ouz
Full Spectral X SVR X X SVR X
range
st
1‘ NIR X X X SVR X X
window
nd
2. NIR X X X X X X
window
rd
window
th
4 NIR X X X SVR X X
winodow
Us PGz PGz PGpy Inst. Eq. Dyn.iouz
Full Spectral X X PLS PLS PLS X
range
st
1. NIR X X X PLS X
window
2. NIR X X X
window SVR SVR
rd PLS
3‘ NIR X X X X X
window SVR
th
winodow
Model (kernel=rbf, | (kernel=sigmoid, (kernel=rbf,
(Optll’nal Czloz Y — C:103 y:2.5 X (ncamponents (ncomponents C=O.25 Y = (ncompanents
parameters) 2.5%x107% 107%) =1 =D 0.1) =2)
Score (0.0937, (0.0721, (0.1191, (0.0229, (0.2319,
(R?, p, 0.4702, (0.25()6173236)987’ 0.5583, 0.7606, 0.579, 0.6636,
nRMSE) 0.1904) ) 0.1705) 0.1838) 0.2503) 0.1638)
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Table S2 presents the capacity of cartilage optical properties over the aforementioned NIR
spectral ranges for estimating the cartilage PG content and biomechanical properties when the
boxplot outlier test was employed. It is worth noting that no outlier was detected in the PG
content of SZ and equilibrium modulus using this method.

Table S2. Performance of regression models with the boxplot outlier removal in the optical properties,
proteoglycan content, and biomechanical properties of articular cartilage on the blind test set. X: No
prediction; PLS: partial least-squares regression model; SVR: support vector machines regression model; RF:
random forests regression model; split: minimum samples split RF-hyperparameter; Inst.: Instantaneous; Eq.:
Equilibrium; and Dyn.: Dynamic modulus. R?, p, and nRMSE are the coefficient of determination, the
correlation coefficient, and the normalized root mean squared by the range of reference variables, respectively.
The shaded tabs represent the best estimation of the reference variables.

Ha PGsz PGyz PGpz Inst. Eq. Dyn.,ouz
F“”r:rfge;“al X X X X SVR X
st
1. NIR X X X X X X
window
nd
2. NIR X X X X X
window
th
4. NIR X X X PLS X X
winodw
Us PG, PGy PGy Inst. Eq. Dyn.ionz
F u“r:rll’ggtral X X X X PLS X
st
1. NIR X X X X PLS X
window
nd
2. NIR X X X X X X
window
rd
3. NIR X X X X X
window
th
4. NIR X X X X X
winodw
Model (kemnel=rbf, | o, (kernel=rbf,
C=10 trees (n (n
(optimal y= ’ split=16, no Co'fi‘;“e“ts C‘"iplo)“e“ts C=0.25, X
parameters) 2.5 x 10-2) bootstrap) y =0.1)
Score (0.0937, (0.0744, (0.025, (0.0166, (0.0229,
(R?, p, 0.4702, 0.6175, 0.5206, 0.7425, 0.579, X
nRMSE) 0.1904) 0.2148) 0.2406) 0.1962) 0.2503)
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Table S3 presents the performance of the regression models when ELEN outlier technique
was utilized on the cross-validation and blind test set for detecting the discordant data.

Table S3. Performance of regression models with ELEN outlier removal in the optical properties, proteoglycan
content, and biomechanical properties of articular cartilage on the blind test set. X: No prediction; PLS:
partial least-squares regression model; SVR: support vector machines regression model; RF: random forests
regression model; Inst.: Instantaneous; Eq.: Equilibrium; and Dyn.: Dynamic modulus. R%, p, and nRMSE are
the coefficient of determination, the correlation coefficient, and the normalized root mean squared by the
range of reference variables, respectively. The shaded tabs represent the best estimation of the reference

variables.
U PGsz PGyz PGpy Inst. Eq. Dyn., o uz
PLS
Full Spectral X X X X X
range SVR
st PLS
1. NIR X X X X SVR
window SVR
nd
2. NIR X X X X X
window
X X X
i
4. NIR X SVR X X X PLS
winodw
s PG, PGy PGy, Inst. Eq. Dyn.ionz
PLS PLS
Full Spectral X X PLS
range SVR SVR
st
1. NIR X SVR X PLS X PLS
window
nd
2. NIR X X X X
window SVR
u PLS
3. NIR X X SVR SVR X PLS
window
RF
th PLS
4. NIR X SVR PLS X X
winodw RF
Model (kernel=rbf, | (kernel=sigmoid, | (kernel=rbf, (n (n
(optimal C:103, y= C:102, y= C= 103’ y= cori%onents X coripzonents
parameters) 2.5x107%) 2.5 x107% 107%) =3) =2)
Score (0.1835, (0.0447, (0.4413, (0.294,
(R?, p, 0.6387, (0.5850’623)267’ 0.7081, 0.9091, X 0.9167,
nRMSE) 0.1367) ) 0.158) 0.1916) 0.1978)
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Table S4 indicates how the OCSVM outlier detection technique affected the capacity of
cartilage optical properties for predicting the composition and functional integrity of the tissue
when the regression models developed and tuned on the cross-validation set and evaluated on
the blind test set.

Table S4. Performance of regression models with OCSVM outlier removal in the optical properties,
proteoglycan content, and biomechanical properties of articular cartilage on the blind test set. X: No
prediction; PLS: partial least-squares regression model; SVR: support vector machines regression model; RF:
random forests regression model; split: minimum samples split RF-hyperparameter; Inst.: Instantaneous; Eq.:
Equilibrium; and Dyn.: Dynamic modulus. R?, p, and nRMSE are the coefficient of determination, the
correlation coefficient, and the normalized root mean squared by the range of reference variables, respectively.
The shaded tabs represent the best estimation of the reference variables.

U PGsz PGyz PGpy Inst. Eq. Dyn., o uz
PLS PLS
Full Spectral SVR X X X
range SVR
st
1. NIR X X PLS X X X
window
nd
2. NIR X X PLS X X X
window
rd
3. NIR X X X X SVR X
window
th PLS PLS
4. NIR PLS
window SVR
U PGy PGz PGpy Inst. Eq. Dyn.iouz
PLS PLS
Full Spectral X X X X
range SVR RF
st PLS
1. NIR X X X X X
window SVR
nd
2. NIR X X X X X X
window
rd
3. NIR X X X PLS X X
window
th
window
(kernel= (kernel=
Model siomoid. C= (kernel=rbf, | (kernel=sigmoid, | (N4ees=110, | sigmoid, C=
(optimal g103 - C=103,y= C=50, y=5 x split=16, 102, X
parameters) ’Y,4 2.5x107%) 107%) bootstrap) y=2.5 X
5x107%) 10-3)
Sczore (0.035, (0.3959, (0.2472, 0.6904, (0.1074, (0.0737,
(R%, p, 0.6574. 0.17) 0.7682, 0.1192) 0.6036, 0.7253, X
nRMSE) ) e 0.0875) ) 0.2065) 0.2661)
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Table S5 presents the capacity of cartilage optical properties over the NIR spectral ranges for
estimating the cartilage PG content and biomechanical properties when the LOF outlier
method was employed.

Table S5. Performance of regression models with LOF outlier removal in the optical properties, proteoglycan
content, and biomechanical properties of articular cartilage on the blind test set. X: No prediction; PLS:
partial least-squares regression model; SVR: support vector machines regression model; RF: random forests
regression model; split: minimum samples split RF-hyperparameter; Inst.: Instantaneous; Eq.: Equilibrium;
and Dyn.: Dynamic modulus. R%, p, and nRMSE are the coefficient of determination, the correlation
coefficient, and the normalized root mean squared by the range of reference variables, respectively. The
shaded tabs represent the best estimation of the reference variables.

U PGs; PGyz PGpy Inst. Eq. Dyn.i ouz
Full Spectral SVR X X X X
range
st
1. NIR X X X X X X
window
nd
2. NIR X PLS X X X
window
rd SVR
window RF
th
4. NIR PLS PLS X X X X
window
s PGy PGyz PGpy Inst. Eq. Dyn.y oz
PLS PLS
Full Spectral X X SVR X
range RF SVR
st
1. NIR X X X X X X
window
nd
2. NIR X X X X
window
rd
3. NIR X X X SVR
window RF SVR
th
4. NIR X X X PLS X
window
Model (kernel=rbf, (Nrees=10, (n (n (kernel=rbf, (kernel=
(optimal C=10,y= split=16, °°"ll’l°“e“ts °°“l%°“ent5 C=5,y= sigmoid,C=5,
parameters) 1072) bootstrap) =D =3) 1072) y=10"1)
Score (0.2335, (0.1347, (0.0821, (0.3461, (0.0565, (0.1141,
(R%, p, 0.6397, 0.5864, 0.5707, 0.6904, 0.6397, 0.7464,
nRMSE) 0.1984) 0.2126) 0.2083) 0.1535) 0.2757) 0.176)
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Finally, Table S6 presents the impact of the ISOFOR outlier detection method on the capacity
of cartilage optical properties over the NIR spectral ranges for estimating the cartilage PG
content and biomechanical properties.

Table S6. Performance of regression models with ISOFOR outlier removal in the optical properties,
proteoglycan content, and biomechanical properties of articular cartilage on the blind test set. X: No
prediction; PLS: partial least-squares regression model; SVR: support vector machines regression model; RF:
random forests regression model; split: minimum samples split RF-hyperparameter; Inst.: Instantaneous; Eq.:
Equilibrium; and Dyn.: Dynamic modulus. R?, p, and nRMSE are the coefficient of determination, the
correlation coefficient, and the normalized root mean squared by the range of reference variables, respectively.
The shaded tabs represent the best estimation of the reference variables.

Ua PG, PGy PGy, Inst. Eq. Dyn.ionz
Full Spectral X X X X X
range
st
1. NIR X X X SVR X X
window
nd
2. NIR X X X X X X
window
rd
window
th
4. NIR X X X X X X
window
Us PGy PGy PGpy Inst. Eq. Dyn.,ouz
PLS
Full Spectral X X RF X X
range SVR
st
1. NIR X X X X X X
window
nd
2. NIR X X RF X X X
window
rd SVR
3' NIR X X X X
window RF
ih
4. NIR X X PLS X X
window
Model (n (Nirees=10, (Ngrees=10, (kernel=rbf,
(optimal “"220"6“” X split=16, split=16, C=103,y= X
parameters) =5) bootstrap) bootstrap) 5x107%)
Score (0.1402, (0.49, (0.2047, (0.2213
(R?, p, 0.5536, X 0.7672, 0.7106, 0 7'5 0 23) X
nRMSE) 0.2016) 0.1262) 0.1826) s




